INTRODUCTION
The USS MERRIMACK (AO 179) Jumbo is the first CIMARRON Class oiler to be jumboized. A 108-ft (32.92-m) parallel middle body was added to the original ship, increasing design full load displacement from 27,400 long tons (27,800 t) to 36,890 long tons (37,480 t). A five-bladed propeller was installed replacing the original highly skewed seven-bladed propeller.
I
The rudder was also enlarged to a profile area of 408.5 ft 2 (38.0 M 2 ). MERRIMACK is powered by a General Electric steam turbine generating a total design power of 24,000 shp (17,930 kW).
The reduction gear was manufactured by General Electric and Combustion Engineering provided the boilers. Principal ship and propeller characteristics are shown in Table 1 .
The Standardization Trials are part of the Naval Sea Systems Command (NAVSEA) Performance 
HULL INSPECTION
Prior to launch, the ship's underwater hull and appendages were painted. The following paint was applied:
1.
Bottom -I coat Formula 150 green epoxy polyamid primer (7 mil), I coat Formula 151 haze gray epoxy polyamid topcoat (3 mil), 1 coat Formula 154 gray epoxy polyamid topcoat R-36 (3 mil), and 2 coats Formula 121/63 red antifouling vinyl (5-6 mil).
2.
Boot Topping -I coat Formula 150 green epoxy polyamid primer (7 mil), I coat Formula 151 haze gray epoxy polyamid topcoat (3 mil), I coat Formula 154 gray epoxy polyamid topcoat R-36 (3 mil), and 3 coats Formula 129/63 black antifouling vinyl (2 mil, I mil, 1 mil).
3.
Rudders and Struts -I coat Formula 150 green epoxy polyamid primer (7 mil), I
coat Formula 151 haze gray epoxy polyamid topcoat (3 mil), I coat Formula 154 gray epoxy polyamid topcoat R-36 (3 mil), and 2 coats Formula 121/63 red antifouling vinyl (5-6 mil).
A hull survey was conducted 22 to 23 May 1991 (49 days prior to the HECTOR trials) to determine whether the MERRIMACK's hull and appendages met the conditions specified in
Chapter 081 of the NAVSEA Technical Manual "Waterborne Hull Cleaning of Surface Ships." 2 This manual details the condition of the hull and appendages necessary for conducting Navy Upon completion of the hull documentation, the MERRIMACK was certified as having a hull paint condition which met all requirements necessary for conducting Navy Standardization
Trials. The average hull roughness was found to be 195 gm (0.0077 in.).
TRIAL PROCEDURES
The Standardization Trials were conducted in accordance with Chapter 094 of the Naval Ship's Technical Manual. 3 Trial conditions and the displacements are listed in Table 2 . Wind and sea conditions were generally considered good for conducting the full load displacement portion of the Standardization Trials, but the wind and sea state were approaching marginal conditions by the end of the light load portion of the trial.
Two or three passes were made over the tracking range at selected speeds. Prior to the start of each run, shaft speed was adjusted to the desired revolutions per minute according to the schedule listed in the trial agenda. After shaft torque and other powering parameters were steady, the run was started. During the run, rudder movement was restricted to ±2 degrees.
Speed/powering curves were defined by comparing range speeds to ship powering conditions (r/min, torque, and shp) throughout the speed range for the various displacements and conditions tested.
The measurements taken during each run were: propeller shaft torque and r/min, Motorola
Mini-Ranger Falcon positional data (used to calculate range speed), Electromagnetic (EM) log speed, ship's relative wind speed and direction (from both the DTMB installed anemometer and the ship's permanent anemometer), first stage shell pressure, ship's heading, and rudder position.
Shaft horsepower was calculated from the measured shaft speed and torque. A data spot consisted of at least two passes over the range on reciprocal headings. If the difference in range speed for the two passes was less than 0.5 kn, the data for the two passes were simply averaged to yield a spot average. In the event that the speeds on reciprocal passes differed by more than 0.5 kn, a third pass was performed. In this case, a mean of means was used to arrive at an average for the data spot.
Stenson and Hundley 4 provide a more in-depth discussion of the general conduct of Performance and Special trials and measurement methods in DTRC report "Performance and Special Trials on U.S. Navy Surface Ships." These Standardization Trials and the associated Model Correlation Experiments (Forgach') are also the subject of a detailed uncertainty analysis, which is reported separately.*t
INSTRUMENTATION AND MEASUREMENT UNCERTAINTIES
This brief discussion of the instrumentation and measurement uncertainties outlined in Table 3 will cover each signal as well as its source and calibration methods. It will also cover the calibration source, the resolution and accuracy of the measurement.
Forgach, Kenneth M., "Uncertainty Analysis of Model Correlation Experiment for USS MERRIMACK (AO 179) Jumbo," report in preparation, expected to be published in June 1992.
STEADY SHIP SPEED
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Ship speed is calculated from ship position, which is obtained with a pulse-radar system.
Prior to the trial, each component in the pulse-radar system is calibrated with all other system components by ranging a known distance. The pulse radar system has a resolution of 3 ft (0.91 m), a bias limit of 12 ft (3.66 m), and a precision limit of 15 ft (4.57 m).
Ship position data are collected for at least 3 min, with the ship speed for the run calculated by linear regression of position and time of successive data points. The steady state speed is equal to the slope of the resulting line. Further smoothing of the data is accomplished by differentiating time and distance from the first point to the mid point of the run, and discarding any points which fall outside two standard deviations of the point-to-point linear regression. The standard deviations commonly observed during Standardization Trials are 0.05 kn, which yields a precision limit of approximately 0.10 kn. The bias limit is estimated at 0.05 kn, based on range geometry and errors associated with the survey of the baseline.
EM Log Speed
The ship's installed EM log provides a measure of instantaneous speed. The measurement is taken from the ship's synchro circuit, and Standardization Trials can be used as a reference to calibrate this instrument. When calibrated, the EM log has an estimated bias limit of 0.25 kn, a precision limit of approximately 0.75 kn, and can resolve to the nearest 0.1 kn.
SHAFT TORQUE
Propeller shaft torque measurements were obtained with an Acurex 1645A strain-gauge bridge monitoring system. An hermetically sealed transducer mounted on a bending beam (sensor bar) generated a signal proportional to the propeller shaft twist. The bending beam was mounted between two rings which were clamped approximately 18 in. (460 mm) apart on the propeller shaft. A stationary electronics unit provided power to drive the rotating electronics and strain gauge bridge by electromagnetic induction. The output of the bridge was input to a rotating, low power transmitter. The transmitter signal was received by the stationary unit, demodulated, and conditioned, thereby generating an analog voltage proportional to torque. The Acurex torque system was calibrated by subjecting the sensor bar to precise displacement increments which were mathematically related to shaft torque using shaft characteristics and properties such as outside diameter, inside diameter, and modulus of rigidity. Torsionmeter characteristics are listed in Table 4 . All of these characteristics affect the bias limit of the torque measurement, which is 
DRAFT AND DISPLACEMENT
Displacement was determined using visual readings in port, and the ship's Ballast Control System at sea. Visual draft readings can be determined to the nearest inch, and, for the range of displacements tested, the resolution of displacement readings was equal to 100 long tons (102 t).
The bias associated with displacement is also 100 long tons (102 t). These bias estimates also apply to the displacements calculated by the ships ballast control system, as visual draft observations are the calibration source for the system. Draft readings and displacement calculations are discussed in greater detail in Appendix C and are tabulated in Table C . I.
SHIP'S RELATIVE WIND
Relative wind signals were recorded from a permanently mounted ship's anemometer on the superstructure and a DTMB-installed trial anemometer mounted as low and as far forward as possible. The DTMB wind anemometer provided more accurate data than the ship's anemometer, since (1) it is not affected by flow around the superstructure and masts like the ship's installed system, and (2) it is calibrated in a wind tunnel. Unfortunately, the DTMB anemometer failed shortly before the start of the light load standardization trials, forcing the use of the ship's installed system for these tests. The ship's relative wind data were recorded and generally compared favorably with the DTMB anemometer during the full load trials, so the wind data provided by the ship's anemometer is judged to be valid for the light load trials. The precision limits associated with both the permanent and trial anemometers are assumed to be identical, since the only difference in the equipment is its placement on the ship. Bias is more difficult to evaluate, especially in the case of the ship's anemometer, which could be affected differently by the changing air flow patterns around the superstructure. Both anemometers agreed within 1.6 kn and 6.10 during the full load Standardization Trials, so the bias errors are also assumed to be equal for each instrument. The estimated bias for wind speed is 0.1 kn with a precision limit of 1.1 kn, and a resolution of 0. 1 kn. Wind direction has a bias limit of approximately 5.0, due mostly to errors induced by visual alignment, with a precision limit of 3.3.
RUDDER ANGLE
Rudder angle is measured from the ship's synchro circuit and is converted to an analog voltage with a synchro-to-analog converter. A calibration of the rudder quadrant in the steering gear room was performed before the start of the trial. The bias limit for the rudder angle is approximately 0.25*. The precision limit is estimated at 1.20" and the resolution of the rudder signal is 0.1 .
SHIP HEADING
Ship heading is obtained from the ship's gyrocompass. This is the only signal that DTMB It is important to understand that the precision limit is a function of the standard deviation of the group of data being measured. As such, the precision limit reported here includes the unsteadiness of the process, and the ability to measure a signal accurately is only a part of the precision limit. Because many of the processes measured are inherently unsteady, the scatter observed in the data is at least partially a real phenomenon.
PRESENTATION AND DISCUSSION OF TRIAL RESULTS
Standardization Trial results are summarized in Tables 5 through 9 
HEAVY VERSUS LIGHT DISPLACEMENT STANDARDIZATION TRIALS
Two Standardization Trials were conducted on the MERRIMACK at displacements of 33,600 long tons (34,100 t ) and 29,000 long tons (29,500 t ). The heavy displacement trial was conducted on 11 July 1991 and the light displacement trial was conducted on 13 and 14 July 1991.
The results of these baseline Standardization Trials conducted at HECTOR are summarized in Tables 5 through 8 . Speed/power data in whole number speed increments are developed from the data curves for model correlation comparisons, and are tabulated in Table 9 . All the data are graphically depicted in Figs. 2 through 9.
The heavy displacement powering condition attained was: Both shaft power and torque were 98% of design.
Figures 2 and 3 clearly show that this ship exhibits an interesting relationship between the heavy and light displacement torque, horsepower, and shaft speed curves in that they cross at a point where the ship's speed corresponds to a speed-to-length ratio between 0.7 and 0.8.
Normally, the heavy displacement curves are at or above the level of the light displacement curves until the ship's speed corresponds to a speed-to-length ratio between 0.8 and 1.0, where the heavy displacement curves diverge sharply upward. The heavy and light displacement curves crossedover both in the model prediction tests and full-scale trials for the CIMARRON and the MERRIMACK. Model tests demonstrate that the bulbous bow increases total resistance at low speed, light load conditions, but as the ship's speed increases, the bow bulb reduces the overall resistance of the ship (VanMannen 5 ). Consequently, the cross-over of the powering curves observed on full-scale trials can be attributed primarily to the effects of the bulbous bow. A "hump" in the low speed region and a "flatter" high speed region of the light displacement torque, horsepower and shaft speed curves in Figs. 2 and 3 are also results of this phenomenon.
COMPARISON OF STANDARDIZATION TRIALS FOR USS CIMARRON (AO 177) AND USS MERRIMACK (AO 179) JUMBO
The results of Standardization Trials on USS MERRIMACK (AO 179) Jumbo were compared to the results of similar trials conducted on USS CIMARRON (AO 177) as reported in September of 1982 (Koh 6 ). The MERRIMACK was tested at a full load draft of 30.6 ft (9.32 m), 0.2 ft (0.06 m) trim by the stem and was compared to the CIMARRON which was tested at a full load draft of 31.1 ft (9.48 m) and 4.8 ft (1.46 m) trim by the stem. The additional length and volume of the jumboized ship precludes any meaningful comparisons at similar displacements.
Consequently, normalizing the data from both sets of trials to similar speeds at nearly similar draft and trim conditions will provide useful comparisons. Direct speed comparisons of the two ships were calculated by developing standard speed tables for each ship from tabulated standardization data and comparing the powering parameters at those points. Table 9 is a sample of the type of table used for this analysis. less torque, and 5% less power than CIMARRON at the same speeds. Additionally, MERRIMACK attains a maximum speed of 21.95 kn, 0.4 kn faster than the top speed recorded for the CIMARRON. Below 21 kn, MERRIMACK requires 2% higher shaft speed, 6% more torque, and 9% higher horsepower than the CIMARRON for the same speed. These performance differences are expected for a lengthened ship with a lower speed-to-length ratio and greater wetted surface area. Despite the differences in trim for these tests, the drafts of the two ships as tested were within 2%. Therefore, this comparison is judged to be representative of the jumboized AO 177 Class ships. 70 ------7-------- True wind velocity, kn 11-18.5 
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